Missing data is a serious problem in many climatological time series. Daily rainfall and stream flow datasets with no missing values are required for efficient estimation for application purposes. In order to estimate any missing observations in data, interpolation techniques are often used. This study focuses on comparing a few selected methods in the estimation of missing rainfall and stream flow data. The interpolation techniques studied were the Arithmetic Average (AA) method, Normal Ratio (NR) method, Inverse Distance (ID) method and Coefficient of Correlation (CC) method. However, in the case when there is no information from neighboring stations, the mean on the same day and month but at different years is taken as estimation of the missing value on that particular date. Twenty years of daily rainfall and stream flow data at 12 stations located at Terengganu were used for this study. In testing to verify which method is the best in evaluating missing values at the target station using information from the nearby stations (in the radius range of 10 km to 50 km), several percentages of missing values were considered. The validation of the best estimation methods is done based on the estimation error; with tests such as Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and Correlation Coefficient (R) tests.
INTRODUCTION
Rainfall is needed as a source of fresh water, which is essential for the survival of humans, plants and animals as well as stream flow availability. Rainfall and stream flow plays a significant role in hydrological, agricultural models and in assessing water quality. Studying about rainfall is important in order to identify the rainfall characteristics, occurrence of spatial and temporal variability, forecasting extreme rainfall events and hence, the problems such as floods, droughts and landslides may be resolve. Meanwhile, stream flow cycle is the section where rainfall occurs and results in flow. Floods also can happen when the volume of water exceeds the capacity of the river.
Rainfall and stream flow may contain missing values which attributed to various reasons such as bad weather, instrumental failures or human error during data entry (De Silva et al., 2007; Suhaila et al., 2008) . Estimation of missing values becomes first priority in the data preparation process. In order to have completeness of data, missing data treatment is a necessary procedure to perform statistical analysis.
Various methods have been done to estimate missing rainfall and stream flow data. (Hasan and Croke, 2013 ) discuss a probabilistic approach and also interpolation method for matching the data point in daily rainfall series. Poisson-gamma (PG) models were compared with inverse distance interpolation method. However, PG models do not capture well the large rainfall events but still performs better than interpolation method. Artificial neural networks (ANNs) and adaptive neuro-fuzzy inference system (ANFIS) methods were used by (Dastorani et al., 2010) to predict the missing flow data. Two common methods such as the normal ratio (NR) method and the correlation method were also employed, and by comparing those four methods, ANN was found as an efficient method for estimation of missing data.
Spatial interpolation methods refer to the process of estimating the unknown data values for a point using the known data values from nearby stations (Burrough and McDonnell, 1998) . (Paulhus and Kohler, 1952) proposed normal ratio (NR) method of spatial interpolation which is based on the ratio means of data between the target station and the neighbouring station. This method is the most common interpolation used in estimating missing rainfall data (Chow et al, 1988) . (Suhaila et al., 2008) explore the inverse distance (ID) weighting method as one of the simpler methods which the assumption of the rainfall values at the target station could be in influenced most by the nearest stations and less by the more distant stations. Correlation coefficient (CC) is another spatial interpolation method proposed by (Teegavarapu and Chandramouli, 2005) to estimate the missing rainfall data at 20 rain gauge station which is by replacing the weighting value of the ID method with the CC method.
Another simpler method to estimate missing data is arithmetic average (AA) method which evaluates the mean annual rainfall amount at the target station as well as the nearby stations. However, there are still missing values detected in the data which could not be complete although after using spatial interpolation methods. In order to predict the missing target data, (Ibrahim and Wibowo, 2014) apply temporal interpolation method which use the mean of corresponding months to replace the missing values of rainfall and water level.
RESEARCH ARTICLE
The main purposes of this study are to evaluate missing rainfall and stream flow data using several interpolation methods which are aarithmetic average (AA) method, normal ratio (NR) method, inverse ddistance (ID) method, and coefficient of correlation (CC) method. However, if the data are still missing and the information from the neighbouring stations cannot be used because of the lacking of data, the mean on the same day and month but at different year is taken as the estimation of the missing values on that particular date. To evaluate the missing values at the target station using the information from neighbouring stations, the analysis are divided into four different percentages namely 5%, 10%, 15% and 20% in order to represent various cases of missing data. Besides, the performance of those methods are compared based on Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and Correlation Coefficient (R) tests.
Area of study
Terengganu is located between 5°19' North latitude and 103°8' East longitude. Terengganu have eight districts which Kuala Terengganu is the capital city of Terengganu. Terengganu experiences dry season from May until June and experiences heavy rainfall during the northeast monsoon in November and December. In this study, 12 stations located at Terengganu have been used. Six stations are considered as the target station for rainfall data and six other target stations are for stream flow data. Each target station involve two neighbouring stations in the radius of 10 km to 50 km, refer to Fig. 1 . The data consist of daily rainfall and stream flow amount from 1995 to 2014 (20 years). Both data were obtained from Department of Irrigation and Drainage, Ampang, Selangor. Those years are chosen based on the completeness available period of the data. The list of stations are provided in Table 1 . (4232401) TSc (4332401) TSd (4832441) TSe (4930401) TSf (5130432 
RESEARCH METHODOLOGY
This section is divided into two main subsections. Methods for estimating missing data will be discussed in the first subsection. The analysis involved a target and some selected neighbouring stations. Meanwhile, assessing the performance of the methods used will be described in the second subsection. In first section, the target station has a complete set of data. Then, for the purpose of testing the estimation methods, data at the target station are assumed to be missing. By using the interpolation methods, the missing rainfall and stream flow data in target station are compared with the actual records. However, if there are still missing data after using interpolation methods, the mean on the same day and month but at different years will be used. Missing value of target data is replaced by the mean of the non-missing data from 1995 until 2014. Other than that, in order to have better estimation results, different percentages namely 5%, 10%, 15% and 20% are compared to represent various cases for missing data.
Interpolation methods (i) Arithmetic Average Method
The arithmetic average (AA) method is the simplest method which is commonly used to fill the missing meteorological and hydrological data. The missing data of rainfall and stream flow are obtained by the average of selected nearby stations around the target station or the date on the same day with different years. The estimated missing value is given by
where t p is the estimated value of the missing data at the t target station/date, i x is the observed data at ith nearby stations or the date of the same date with different years and n is the number of nearby stations or number of years.
(ii) Normal Ratio Method Normal ratio (NR) method is weighted based on the ratio mean of the available data between the target station and the ith neighboring station. This method is used if any neighboring stations have the normal annual rainfall and stream flow data which exceeded more than 10% of the considered station (Silva et al, 2007) . The estimated missing value is given by where it r is the correlation coefficient of daily time series data between the target station and the ith nearby station.
Performance of the estimation methods
In this study, three performance criteria are used. The root mean square errors (RMSE), the mean absolute errors (MAE) and the correlation coefficient (R) statistics are calculated to evaluate spatial interpolation methods. The error measures the difference between the estimation values and their corresponding observed values. RMSE and MAE which indicate lower values will give better performances. Meanwhile, correlation coefficient indicates the strength of the relationship between observations and estimates which the higher positive coefficients estimate the best results.
( ) ) where i x is the observed rainfall and stream flow at nearby station, i x is the estimated value and is the number of nearby station.
RESULTS AND DISCUSSION
In this section, we will discuss briefly the results of the analysis. All four interpolation methods have been tested on four different percentages at 5%, 10%, 15% and 20%. The results of the overall performance of the methods are reported in Table 2 and Table 3 . Table 2 shows the comparison of estimation methods for rainfall data. The ID method is found to be the best methods for TRb, TRc and TRf stations. For TRa and TRe stations, both stations recorded NR as the best method. It is also shown that CC method is the second best method for all stations which gave the minimum RMSE and MAE, and highest positive correlation coefficients. For stream flow data in Table 3 , each station also gave different methods. The NR method is the most suitable method for TSc, TSd and TSe stations. Meanwhile the best method for TSb and TSf stations are coefficient of correlation (CC). AA method is the last choice method to estimate missing rainfall and stream flow data because it gave high values for RMSE and MAE, and low value for R test. Fig. 2 shows the example comparison of RMSE, MAE and R method with various percentages of missing values for TRa and TRc stations. It proved that NR method gave the lowest value of RMSE and MAE errors for TRa station. The example plots of RMSE, MAE and R methods for stream flow data are shown in Fig. 3 . It is clearly shown that CC is the best method for TSb station. Meanwhile for TRc station, NR method shows better results which gave lowest value of RMSE and MAE compared to other methods. Other than that, there are slightly increase in the value of correlation coefficient (R) for each estimation method for all stations.
However, after four interpolation methods could not be used because there is no information from neighboring stations, we decided to use the mean on the same day and month with different years as estimation of the missing values on that particular date. Table 4 is a snapshot of original data for rainfall (TRa) station and stream flow (TSa) station. From Table 4 , the 66th row represent the missing item data for TRa station in day 66 (2005) . Meanwhile, for TSa station, day 336 (1995) represent 336th row missing item value for stream flow data. We used mean of the same day and month with different years to replace these missing values. Table 5 presents the snapshot of few data using mean of the same day and month with different years. NA value of the rainfall data in day 66 (2005) is replaced by the mean of the non missing rainfall data in day 66 from 1995 until 2014. 
CONCLUSION
In estimating missing rainfall and stream flow data, the Arithmetic Average (AA) method, Inverse Distance (ID) method, Normal Ratio (NR) method and Coefficient of Correlation (CC) method were compared. All of these methods have been tested at four different percentages of missing data (5%, 10%, 15%, 20%). The results which gave the minimum RMSE and MAE as well as highest positive correlation coefficients was chosen as the best method.
From six stations of the rainfall data, three stations recorded same technique which is ID method. Meanwhile, CC method is the second best method for all rainfall stations. For stream flow data, NR method are found to be the best estimation method among all especially TSc station which showed big difference values compared to the other three methods. It can be seen that most stations do not possess similar best method of choosing data treatment. However, the mean on the same day and month but at different years is taken to estimate the missing value on that particular date if there is no information from neighboring stations.
For future study, it is recommended to consider application of functional data analysis for the treatment of missing rainfall and stream flow data. Other suggestion for this study is to increase the number of neighboring stations involved as well as the distance between target station and nearby station can be increased until radius range of 10 km to 100 km in order to estimate better results for missing rainfall and stream flow data.
